Giant craniopharyngiomas in the retrochiasmatic space are challenging tumors, given the location and surrounding vital structures. Surgical removal remains the first line of therapy and offers the best chance of cure. For tumors with extension into the retrochiasmatic space, the authors use the translamina terminalis corridor via the transbasal subfrontal approach. Although the lamina terminalis can be accessed via anterolateral approaches (pterional or orbitozygomatic), the surgical view of the optic chiasm is oblique and prevents adequate visualization of the ipsilateral wall of the third ventricle. The transbasal subfrontal approach, on the other hand, offers the major advantage of direct midline orientation and access to the third ventricle through the lamina terminalis. This provides the significant advantage of visualization of both walls of the third ventricle and hypothalamus as well as inferior midline access to the interpeduncular cistern to permit safe neurovascular dissection and total tumor removal. In this report, the authors describe the transbasal subfrontal translamina terminalis approach, with specific emphasis on technical surgical nuances in removing retrochiasmatic craniopharyngiomas. An illustrative video demonstrating the technique is also presented. 
R etRochiasmatic craniopharyngiomas comprise approximately 11-46% 3, 14, 18, 24, 36, 38 of all craniopharyngiomas, and are difficult tumors to remove because of their anatomical location. Surgical removal of these lesions has been associated with a high rate of surgery-related morbidity and mortality, as has incomplete removal resulting in higher recurrence rates. 13, 29, 31, 36 Because they are thought to arise from a supradiaphragmatic origin, 38 retrochiasmatic craniopharyngiomas are hidden behind the optic chiasm, and often can extend superiorly into the third ventricle and inferiorly into the interpeduncular cistern and retrosellar region. 13, 32, 36 Surgical exposure attained using conventional operative corridors through the subchiasmatic (interoptic) or optico-carotid cisterns allows only limited and inadequate visualization of the infra-and retrochiasmatic regions, because these tumors are hidden behind an anteriorly displaced or prefixed chiasm. 2, 36 In essence, the optic nerves and chiasm are situated between the tumor and the surgeon, and therefore obstruct visualization and access to the retrochiasmatic region.
This has led to the development of transcranial approaches through the lamina terminalis to access retrochiasmatic craniopharyngiomas, which include midline (unilateral subfrontal, bifrontal, bifrontal interhemispheric) and anterolateral (pterional, orbitopterional, orbitozygomatic) routes. Other approaches to retrochiasmatic craniopharyngiomas also include transsphenoidal, extended transsphenoidal, endoscopic expanded endonasal, and posterior petrosal approaches. Each has its own advantages and disadvantages. The primary disadvantages of anterolateral approaches to the lamina terminalis include loss of midline orientation, lack of visualization of the ipsilateral wall of the third ventricle and hypothalamus (blind spot), limited oblique visualization superiorly into the third ventricle, limited visualization inferiorly into the interpeduncular cistern, and narrowing of the lamina terminalis working corridor when coming in from a lateral projection.
In our experience, we have favored midline transcranial approaches, particularly the transbasal subfrontal route, to the lamina terminalis, which addresses the disadvantages of anterolateral approaches. By coming in from a midline projection and orientation, the working corridor of the lamina terminalis is maximized and both walls of the third ventricle and hypothalamus can be adequately visualized, thereby eliminating the blind spot. There is also more superior access to the top of the third ventricle, and midline visualization inferiorly into the interpeduncular cistern. If the Liliequist membrane has not been breached by the tumor, it acts as a favorable plane of dissection for removing the inferior limit of tumor in the interpeduncular cistern and retrosellar region. We believe that the transbasal subfrontal approach to the lamina terminalis is an ideal one for removing giant retrochiasmatic craniopharyngiomas that have significant intraventricular extension. In this report, we describe our technique and its operative nuances in removing these difficult lesions. An illustrative video demonstrating the technique is also presented in this report (Video 1).
Video 1.
Illustrative video demonstrating the surgical technique for removing retrochiasmatic craniopharyngiomas by using the transbasal subfrontal translamina terminalis approach.
Surgical Technique

Patient Positioning
A lumbar drain is placed at the start of the operation and is clamped off until further CSF drainage is needed to facilitate brain relaxation during intradural exposure of the tumor. Our neuroanesthesia team uses total intravenous anesthesia (primarily intravenous propofol and remifentanil) rather than inhalational agents, to promote further reduction of intracranial pressure and a decrease in cerebral swelling. 10 The patient is positioned supine on the operating table and the head is fixed in a 3-point head holder. The bed is slightly flexed into a lounge chair position, with the patient's head and trunk elevated approximately 15-20° to facilitate venous return. The neck is extended to allow the frontal lobe to fall away from the anterior skull base.
Skin Incision and Harvest of Vascularized Pericranial Flap
A bicoronal incision is used that extends behind the hairline from one zygoma to the other, no more than 1 cm anterior to the tragus (Fig. 1A) . The scalp is elevated in a 2-layer fashion (galea and pericranial layers). Using the skin knife, the scalp is incised through the galea aponeu- rosis while sparing the pericranium. The galea layer is elevated along with the scalp anteriorly, while leaving the pericranium and temporalis muscle and fascia attached to the skull. The superficial temporal fat pad is elevated up with the galeal skin flap by using the interfascial dissection technique, as described by Yasargil et al., 41 to preserve the frontotemporal branch of the facial nerve. Extreme care is taken to preserve the supraorbital nerve and artery as the galeal elevation approaches near the supraorbital rim. The posterior margin of the galeal incision is undermined posteriorly to provide additional length, to maximize the length of the pericranial flap. The pericranium is then incised above the superior temporal line on both sides and elevated as a separate layer attached to its vascular pedicle for later reconstruction and closure (Fig.  1B) . Elevation of this layer allows exposure of the frontal bone down to the orbital rims and nasion. The pericranial flap is wrapped in wet sponge to prevent dehydration, and reflected along with the scalp with the aid of hooks and rubber bands.
Craniotomy Procedure
A modified bifrontal transbasal craniotomy that incorporates the anterior wall of the frontal sinus is performed (Fig. 2) . The inferior margin of the osteotomy is made through the anterior wall of the frontal sinus, starting at the nasofrontal suture and extending laterally over both orbital rims. This technique allows the bifrontal bone flap to extend as low as possible by following the contour of the anterior skull base in the coronal orientation. This modification provides an excellent line of sight to the anterior skull base, without any obstruction from bone overhang (Fig. 3 ). There is also an increased inferior-to-superior angle of attack to access the third ventricle. This also obviates the need for any supraorbital rim removal, while minimizing brain retraction. The frontal sinus mucosa is exenterated and cranialized by removing the posterior wall of the frontal sinus. The nasofrontal ducts are packed with Betadine-soaked Gelfoam pledgets. Alternatively, autologous fat or muscle can be used here as well.
Dural Opening
The dura mater is incised on both sides of the SSS in a lateral-to-medial direction near the frontal base (Fig.  3) . Care is taken not to violate any bridging veins. The frontal lobes are protected with cottonoid patties and the falx cerebri is identified. The anterior and inferior extent of the SSS is ligated using a pair of 2-0 silk suture ligatures, and then sharply divided toward the incisura of the falx cerebri. This allows final release of the bifrontal dura from the crista galli.
Intradural Exposure and Tumor Removal
A right subfrontal corridor is exposed to visualize the optic nerves and chiasm (Fig. 4) . This is generally more advantageous for most right-handed surgeons, while sparing retraction on the contralateral frontal lobe. Although a unilateral subfrontal corridor is used, having a bifrontal craniotomy up front with division of the falx provides additional exposure to maximize the midline viewing angle, and increases the working corridor and angles of attack to the tumor. This also provides interhemispheric or bifrontal exposure to the lamina terminalis as alternative options.
The right frontal lobe is gently elevated and protected with cottonoid patties to identify the right olfactory tract, which is dissected from its attachments to the frontal lobe. The optic nerve and chiasm are identified and the chiasmatic and optico-carotid cisterns are opened up by using sharp dissection. The ICA and ACAs are identified. Care is taken to preserve the perforating vessels on the A 1 segment of the ACA. Adequate brain relaxation for the subfrontal corridor is achieved with intravenous mannitol, total intravenous anesthesia, and intraoperative removal of CSF from the cisterns during arachnoid dissection. If necessary, the lumbar drain can be opened for additional removal of CSF. The left frontal lobe will naturally fall away from the anterior skull base with the aforementioned brain relaxation techniques.
At this juncture, all possible routes to the tumor (including subchiasmatic, optico-carotid, and carotid-oculomotor) should be routinely inspected to see if there are any favorable corridors for tumor removal prior to opening the lamina terminalis (Fig. 5) . In giant retrochiasmatic craniopharyngiomas that extend superiorly into the third ventricle, the tumor is often hidden from view behind the optic chiasm, and subsequent opening of the lamina terminalis is required. Tumor filling the third ventricle displaces the optic chiasm anteriorly and the optic tracts laterally, which can create the appearance of a prefixed chiasm.
8,9
The lamina terminalis is opened sharply to identify the tumor capsule within the third ventricle (Fig. 4) . A plane is then developed between the tumor capsule and the ependyma of the third ventricle. To deliver giant tumors through a relatively small window such as the lamina terminalis without injury to the visual apparatus, the surgeon must "make the tumor smaller" and deliver it in a piecemeal fashion. For solid components of the tumor, this can be accomplished with a precision-tip ultrasonic aspirator for central debulking and decompression of the tumor. For cystic portions of the tumor, gentle incremental aspiration of intracystic fluid allows decompression of the capsule while maintaining enough turgor of the cyst wall to separate the tumor capsule from the walls of the third ventricle. Once the tumor has been adequately debulked and decompressed, the tumor capsule can be gently delivered from a superior to inferior direction through the lamina terminalis (Fig. 4) . The microsuction device in the surgeon's nondominant hand is used to help push the tumor down into the field and dissect the lesion off of the walls of the third ventricle while holding gentle traction on the capsule with tumor forceps in the dominant hand. Once the ventricular walls are identified, microcottonoid patties are used to protect the walls and maintain the plane of dissection between the ependyma and the tumor capsule. It is important not to amputate the tumor capsule prematurely and "lose the handle," whereby a remnant of the capsule will retract upward out of view from the lamina terminalis window. If the superior aspect of the lesion fails to deliver from the third ventricle, a transcallosal or transcortical transventricular approach can be used to remove the remaining intraventricular tumor.
Once the superior and posterior extensions of the intraventricular tumor have been delivered, attention is then directed to the remaining lesion within the infrachiasmatic and interpeduncular cistern. The Liliequist membrane forms the inferior boundary of the tumor in the interpeduncular cistern and becomes an important plane of dissection. Here, it is important to identify the "double" arachnoid layer and to distinguish the tumor arachnoid plane from the cisternal arachnoid plane (Fig. 5) . The optimal and safest plane of dissection is between the tumor capsule and the tumor arachnoid, not the cisternal arachnoid plane. Early identification and preservation of this plane will facilitate the best chance at total removal of the lesion, and will spare the BA, PCAs, and P 1 perforating vessels, which are protected by the Liliequist membrane. We therefore avoid bipolar cautery on the tumor capsule to prevent annealing of the arachnoid layers, and to preserve the subarachnoid plane of dissection.
The remaining portions of tumor are dissected from the undersurface of the optic apparatus by using sharp dissection. This area is often a blind spot for the surgeon working from this approach. Angled dental mirrors and angled endoscopes can be used to inspect the undersurface of the chiasm and median eminence for residual tumor. If tumor remnants or calcium fragments are densely adherent to the chiasm or the hypothalamus, these residual lesions are left behind to avoid risk of injury to these structures. Attempts should be made to identify and preserve the pituitary stalk. Although the stalk may be displaced, it can be located where it penetrates the diaphragma sellae to reach the pituitary gland. The stalk also has a unique striated appearance that represents the long portal veins that run parallel along its surface. 8, 9 At the end of the resection, one should be able to visualize the pituitary stalk, the oculomotor nerve, and bilateral P 1 segments of the PCAs through the opening of the lamina terminalis.
Wound Closure
The dura mater is reapproximated in a watertight fashion. After sectioning the SSS and falx cerebri, the dura often retracts posteriorly, and an interpositional dural graft substitute is used for closure. It is important to provide some redundant dura to accommodate for frontal lobe reexpansion and to prevent restriction if there is frontal lobe edema postoperatively. The Betadine-soaked Gelfoam pledgets are left in the nasofrontal ducts and cranialized frontal sinus. The vascularized pedicled pericranial flap is rotated posteriorly to occlude the frontal sinus cavity. The flap can be tacked down to the frontobasal dura with several interrupted dural sutures. The remaining redundant portion of the pericranium is unraveled to provide coverage over the frontal dural closure. The edges of the pericranium can be tacked to the bony edges of the craniotomy to hold it in place. When replacing the bone flap, care is taken not to constrict the vascular supply of the pericranium at the inferior margin of the bone flap. The remainder of the closure is performed in the standard fashion.
Illustrative Case With Online Surgical Video
History and Examination. This 29-year-old woman presented with 2 episodes of transient visual loss in both eyes. She had undergone a prior ventriculoperitoneal shunt placement and subtotal resection of a retrochiasmatic craniopharyngioma via an orbitozygomatic approach at another institution approximately 1 year previously. On examination, she exhibited no neurological deficits. A formal neuroophthalmological examination demonstrated no evidence of any visual field or visual acuity deficits. She was receiving hormone replacement therapy, including hydrocortisone, levothyroxine, and desmopressin acetate.
Magnetic resonance imaging (Fig. 6 ) demonstrated a large, recurrent, retrochiasmatic craniopharyngioma, with extension superiorly into the third ventricle up to the foramen of Monro, and extension inferiorly into the interpeduncular cistern. The tumor comprised both solid and cystic components and was primarily supradiaphragmatic in origin. There was no evidence of shunt malfunction or hydrocephalus.
Operation. The patient underwent a transbasal subfrontal craniotomy, as described above. A right-sided unilateral subfrontal approach to the lamina terminalis was performed. The lamina terminalis was opened up sharply to expose the tumor capsule. Initial decompression of the lesion was achieved by aspirating the fluid from its cystic portion. Further decompression was accomplished using ultrasonic aspiration for internal debulking of the solid components of the tumor. Once the tumor was adequately debulked, its capsule was carefully dissected away from both ependymal walls of the third ventricle and hypothalamus under direct visualization. The superior extent of the tumor capsule was brought down through the lamina terminalis with careful dissection. The remaining lesion in the interpeduncular cistern and infrachiasmatic region was carefully dissected off of the Liliequist membrane, with preservation of the BA and PCAs. A gross-total removal of the tumor was accomplished entirely through the lamina terminalis corridor, and both walls of the third ventricle were well visualized at the end of the surgery (Fig. 4) .
Postoperative Course. Postoperatively, the patient was awake and alert, with no evidence of any neurological or visual deficits. Her endocrine status remained unchanged, requiring the same doses of hormones as had been prescribed preoperatively for replacement therapy. Postoperative MR imaging demonstrated gross-total removal of the tumor (Fig. 6 ).
Discussion
Choice of Surgical Approach
Several approaches have been proposed for removing retrochiasmatic craniopharyngiomas. These include midline transcranial (bifrontal transbasal, subfrontal, bifrontal interhemispheric), midline transnasal (transsphenoidal, extended transsphenoidal, endoscopic expanded endonasal), anterolateral (pterional, orbitopterional, orbitozygomatic), and posterior petrosal approaches (retrolabyrinthine, partial labyrinthine petrous apicetomy, translabyrinthine). Choosing the appropriate approach depends primarily on the location of the lesion and amount of tumor extension, and also to some degree on the surgeon's preference, comfort, and familiarity with the approach. The approach should provide adequate exposure that creates the shortest distance to the tumor with minimal brain retraction. Variations of each approach can be tailored to the individual patient by modifying the degree of bone removal. One should be ready to perform a combination of approaches for extensive lesions that cannot be adequately accessed via a single approach. For example, for craniopharyngiomas with significant intraventricular extension, a transcallosal or transcortical transventricular approach may be required in addition to a basal approach to the suprasellar region.
Retrochiasmatic craniopharyngiomas present a formidable surgical challenge because of their location behind and underneath the optic chiasm. Superior extension into the third ventricle and inferior extension into the interpeduncular cistern further increases the risk and complexity of the resection. With anterolateral approaches to the lamina terminalis, either pterional or orbitozygomatic, the angle of attack to the optic chiasm and lamina terminalis is oblique, and therefore prohibits visualization of the ipsilateral wall of the third ventricle and hypothalamus. This increases the risk of hypothalamic injury if adherent tumor is removed blindly without the ability to dissect the tumor off the hypothalamus under direct visualization. The superior viewing angle to the top of the third ventricle is also limited, although it is somewhat improved with an orbitozygomatic approach. 15, 25, 33 In addition, access to the interpeduncular cistern and infrachiasmatic region through the optico-carotid and carotidoculomotor corridors can be narrow and is sometimes obstructed by perforating arteries.
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A transbasal subfrontal approach maximizes the lamina terminalis working corridor by maintaining a direct midline trajectory to the optic chiasm. In contrast to anterolateral approaches, in which the ipsilateral wall of the third ventricle is not well visualized, a midline transbasal approach provides excellent visualization of both walls of the third ventricle and hypothalamus (Fig. 4) . Therefore, the tumor can be safely dissected from the ependymal walls under direct visualization. By maintaining a midline orientation, the tumor can be followed inferiorly into the interpeduncular cistern through the lamina terminalis exposure. Identification of the Liliequist membrane is critical because dissection between the tumor capsule and the tumor arachnoid permits total removal while preserving the arteries and perforating vessels that are protected by the Liliequist membrane.
Our modification of the bifrontal transbasal craniotomy (transbasal transglabellar) incorporates the anterior wall of the frontal sinus so that the inferior margin of the osteotomy extends as low as possible by following the contour of the anterior skull base in the coronal orientation (Fig. 4) . By making the osteotomy at the nasofrontal suture below the glabella, there is no bone overhang that obstructs the line of sight to the midline anterior skull base. This exposure increases the inferior-to-superior viewing angle into the top of the third ventricle through the lamina terminalis, and minimizes the degree of brain retraction. By performing a bifrontal craniotomy and also bifrontal dural incision with division of the SSS and falx, the surgeon's line of sight is directly in the midline. The contralateral frontal lobe is spared from retraction, but will naturally fall away from the skull base during the operation, thereby increasing the working corridor and angles of attack to the tumor without obstruction by the falx cerebri. In unilateral subfrontal dural openings, the exposure is slightly off midline and slightly oblique because of the limitations of the falx. The area that is most difficult to visualize when using the subfrontal translamina terminalis approach is the region directly beneath the optic chiasm and nerves. Visualization of this area can be achieved with angled dental mirrors or angled endoscopes.
The transnasal transsphenoidal approach, on the other hand, can provide visualization of the infrachiasmatic area that is hidden from a transcranial view. This approach has generally been reserved for craniopharyngiomas that are primarily subdiaphragmatic in origin and accompanied by an enlarged sella turcica. 13, 36, 40 However, with advancements in transnasal approaches, such as extended transsphenoidal 11, 20, 23, 27 and endoscopic expanded endonasal approaches, 7, 22 suprasellar supradiaphragmatic craniopharyngiomas can be safely removed. Nevertheless, retrochiasmatic and also retroinfundibular craniopharyngiomas remain challenging to remove transnasally.
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They are often densely adherent to the diaphragm, major arteries, and perforating vessels, the pituitary stalk, and the walls of the third ventricle. Careful microdissection of these vital neurovascular structures via a transnasal approach can be difficult and at times precarious.
36 Division of the diaphragma sellae increases the risk of a CSF leak; 13, 36 however, this has been largely reduced by using a vascularized nasoseptal flap for CSF leak repair. 21 In addition, the pituitary gland often must be mobilized to improve suprasellar and supradiaphragmatic visualization, thereby increasing the risk of endocrine dysfunction.
13,22
The transpetrosal approach to retrochiasmatic craniopharyngiomas was pioneered by Hakuba et al. 17 and Al-Mefty and colleagues.
1,2 These authors have favored this approach because it allows an upward projection to be used to dissect the upper pole of the tumor, with direct visualization of the hypothalamus and pituitary stalk.
1,2
The disadvantages of this approach are prolonged temporal lobe retraction, potential injury to the vein of Labbé, technical difficulty in performing a mastoidectomy in young children with a nonpneumatized mastoid sinus, and also the aforementioned disadvantages associated with coming in from a lateral projection.
Avoiding Complications
Thorough knowledge of and attention to vital anatomical structures is of paramount importance to successful surgical removal of these tumors. Craniopharyngiomas can be densely adherent to the major arteries of the circle of Willis. 8, 13 They receive their blood supply from perforating vessels of the PCoA and branches of the ICA that also supply the pituitary stalk. 8, 40 The infundibulum can be significantly displaced, and should be identified on preoperative imaging during development of the surgical plan. Occasionally, however, the tumor arises from within the infundibulum and obliterates the stalk completely. 22 Third ventricular anatomy can also be notably altered. Particular attention should be paid to the hypothalamus, mammillary bodies, velum interpositum, Liliequist membrane, and interpeduncular cistern.
Endocrinological dysfunction, 4, 40 are substantial adverse outcomes that must be discussed with the patient and family prior to surgery. Adequate hormone replacement is fundamental in decreasing morbidity, because the pituitary stalk is often intimately involved with the tumor capsule. [4] [5] [6] 12, 16, 19, 26, 28, 35, 39 Significant morbidity can result from overly aggressive resection. Determining the extent of resection is a difficult task, but may save the patient from significant morbidity. Factors precluding complete resection include adherence to or invasion of the hypothalamus, 13, 36 location of the tumor, 13, 36 size of the tumor, 13,37 consistency of the tumor, 25, 36 and more than 10% calcification. 13 Despite the primary goal of total removal, it is important to know when to perform a subtotal resection after recognizing the aforementioned intraoperative findings that may risk permanent injury to critical neurovascular structures.
Standard microsurgical techniques should be used during the dissection of craniopharyngiomas. Maintaining the arachnoid planes will assist the surgeon in the dissection of the tumor capsule away from the neurovascular structures. The optimal plane of dissection is between the capsule and the tumor arachnoid. Additionally, optimal tumor debulking and cyst aspiration prior to dissection allows for greater mobility of the capsule wall and safer dissection, particularly when delivering large tumors through a relatively small window, such as the lamina terminalis.
Conclusions
The transbasal subfrontal approach provides direct midline access to the lamina terminalis for removal of retrochiasmatic craniopharyngiomas with third ventricular extension. By maintaining a midline orientation, excellent visualization of both walls of the third ventricle and hypothalamus as well as access to the interpeduncular cistern and retrosellar region can be achieved to permit total removal of these formidable tumors. The plane of dissection should be maintained between the capsule and the tumor arachnoid.
